Abstract
Introduction
This work is carried out in the framework of the European project Sealife [10] . The objective of Sealife is the conception and realization of a semantic Grid browser for the Life Sciences. One of the needs in this project is to facilitate the generation of semantic annotations on documents especially on patents.
Since the advent of internet, several millions of patents, among which many related to the biomedical domain, became accessible via the web. Patent mining consists of extracting information from such patents, and can be the basis of a support to help users navigate and retrieve information in this vast and growing collection of documents.
Our approach aims to facilitate ontology-based semantic annotations generation on web patents by both taking into account their structure and using Natural Language Processing (NLP) techniques. These annotations can then be used by semantic engines to find knowledge embedded in patents and to present it according to the users' requests.
The formalization of the annotation scheme relies on an ontology. The use of the ontological hierarchy can (i) enable annotators to choose the appropriate level of annotation detail, (ii) diminish ambiguity of knowledge, and (iii) help to reduce errors in the annotation process. Moreover, in the context of the semantic Web, the use of standard formalisms such as RDF [5] or OWL [7] for representing such annotations allows the reuse of these annotations by different annotation tools and search engines. In the context of patent mining, these annotations can facilitate: Information Retrieval, Classification and Reasoning.
This paper describes the methodology implemented in the system PatAnnot and details its different modules.
The PatAnnot Approach
Our approach consists of generating semantic annotations by relying on structuring and building a semantic representation of patent documents. A generated annotation comprises three parts: a structure annotation, a metadata annotation and a domain based annotation. These different annotations are merged into the so-called Patent Semantic Annotation. This approach is summarized in Fig. 1 Fig. 2 shows the global architecture of the PatAnnot system implemented to support this method.
Fig. 1. Our method of patent mining
In the next sections, we will first detail the PatOnto ontology that we have designed and proposed for representing patents and then the different steps for generating a semantic annotation on a patent, taking into accounts both its structure and its textual content. 
The Patent Ontology: PatOnto
The semantic representation of a patent document depends on different aspects: the structure and the content. Each part of the Patent ontology is designed to describe one of these aspects. The domain ontology is an existing ontology of a specific domain that is used to study the textual content of a patent. PatOnto is formalized in OWL. 
Patent Content Form Ontology
The Patent Cooperation Treaty (PCT) proposed several rules and standards to define a unique patent structure; these regulations were approved by the World Intellectual Property Organization (WIPO [http://www.wipo.int/portal/index.html.en]) members. For example, according to Rule 48, an international patent application must be published in the form of a pamphlet (a standardized front page, the description of the invention, the claims, the drawings, and the international search report).
Based on our analysis of patent structure, the Patent Content Form Ontology specifies the content of a patent document and its layout.
This ontology (119 concepts and 95 relations) describes the structure of patent document content and its layout.
Patent Media Content Ontology
This ontology (55 concepts and 42 relations) describes the non-textual patent document content, such as charts, diagrams, drawings, figures etc. that allow us to much more understand the invention described in the patent.
Auxiliary-Data Ontology
The metadata on Patent are modelled through the Auxiliary-Data Ontology (90 concepts and 45 relations). This modelling is performed in terms of explicit information that derives directly from patent documents, and implicit information that requires a processing on the patent and NLP for information extraction.
Explicit metadata in patent documents are of major interest for the patent document representation, since they concern the invention title, the inventor's name, and other bibliographic information. Implicit metadata consist of concepts that must be drawn from higher levels of association between patent documents as well as from their meaning or textual content. Such concepts involve patent subject relations, patent references, etc.
In conclusion, the Patent Ontology, made of these three sub-ontologies, will serve as reference ontology, in addition to the domain ontology, for generating the semantic annotations on patent documents. The next section will detail the techniques used by the PatAnnot system for the generation of these semantic annotations.
Semantic Annotation Based on Patent Structure
We rely on the uniform structure of the published patents provided by the main organisms (WIPO, USPTO [http://www.uspto.gov], etc.) since they represent the major part of the intellectual property organizations that publish more than 80% of granted patents in the world. Our approach consists of extracting automatically semantic information from the structure level of the patent and of generating semantic annotations. We assume that taking into account both the patent structure and the textual fields will allow us to generate richer annotations.
Structuring the Patent Document
Most of patent documents accessible through the Web are in HTML format. By analyzing patent documents, we developed progressively a transformation method from the initial format to an XML one that expresses the semantic content of the patent. HTML presentation provides the ability to get the content of any patent document but not to organize it. The transformation we have developed is based on a mapping process that uses the HTML tree of the required document. At first it cleans the HTML input using a filter that generates a valid HTML tree. Then, PatAnnot can navigate along the tree and detect important information to build a structured XML document that contains the main semantic concepts extracted from a patent document.
Generating the Metadata Annotation
The generation the metadata annotation is an ontologybased process. This step of the global process is wholly based on a mapping between on the one hand an XML file that represents the patent document and on the other hand the Patent ontology. The detection of these concepts is not a trivial task. As a solution we defined a configuration file that indicates for each concept of the ontology the associated XML node Name in the patent document. Below, we show a view of this configuration file. The system can thus generate a semantic annotation that describes metadata based on ontology concepts.
The generation of annotation is a two-steps process.
First Step: Annotation using the Patent Content Form Ontology
The Patent Content Form Ontology is used to annotate the form of the patent by describing its sections and subsections, typing its content and developing its hierarchy. Using the defined configuration file, the mapping consists on parsing both the XML document and the ontology, and building an XML mapping document.
If the current node corresponds to an ontology concept C, this concept C is added to the XML mapping document. Then a search in the ontology is carried out in order to find the appropriate properties that may relate this concept to others (i.e. properties in the domain or range of which C appears).
• Then, for each such property, the system explores the XML document in order to find such another concept C' possibly related to C through this property. If such a concept C' is found, the property and the concept C' are added to the mapping document.
• If there is no such property, the concept C is added to the mapping document as an isolate concept. After having the mapping result we transform it into an annotation using RDF syntax. The obtained annotation is called a metadata annotation since it focuses on the metadata described in the patent document like the bibliography, the parties' names, the patent number, etc.
Second Step: Annotation using the Auxiliary-Data ontology
The Auxiliary-Data Ontology is used to describe the meaning of a concept and to annotate its content in order to extract further information about the patent.
Textual parts such as references, claims and description are used to refine the metadata annotation by annotating the content of these parts and adding significant information. It is useful to also store the prior art knowledge since patents are often related to each other. Knowledge that cannot be found by analyzing a single patent alone can potentially be discovered by analyzing inter-patent relations. The Auxiliary-Data ontology allows the system to refine the metadata annotation since it focuses on implicit and explicit information about each concept.
Generating the Domain-Based Annotation using a Domain Ontology
Biological terminology appears frequently and is important to find and understand which terms are really representative for a given patent document. In our case, we chose the UMLS ontology [3] which covers the biomedical domain. Thus, to generate UMLS-based annotations on the textual fields of the patent, PatAnnot uses the MeatAnnot [4] system. For each sentence MeatAnnot tries to detect an instance of an UMLS relation (it relies on relation extraction grammars written in JAPE language). Then it interrogates UMLS knowledge server with a succession of words (obtained after tokenization and posttagging of the text) in order to identify whether the candidate term exists in UMLS metathesaurus. Then MeatAnnot uses a parser that assigns linguistic roles to words and thus enables to find the UMLS concept instances linked by the detected relation.
PatAnnot System Implementation
The modular process of generation of semantic annotations based on patent documents analysis is supported by the PatAnnot system ( fig. 2) . PatAnnot is implemented in Java, using Semantic Web technologies and standards (XSLT, XHTML, RDF/S, etc.).
PatAnnot is generic and relies on reusable modules: -The Patent Ontology is domain-independent and covers any information embedded in a patent. -The integration of a new patent style sheet is very easy. The system takes into account automatically new style sheets. -The NLP tool which extracts domain concepts from text fields is generic and domain independent.
-The annotation generator gathers information provided by different modules and generates a valid RDF document containing the patent description. This system, developed in Java, can thus be integrated in any application and it can be encapsulated in a web application or in a web service. We used Corese [2] engine to validate our annotations and to do tests.
Conclusions
In this paper we presented a method to generate semantic annotations from patent documents using different types of ontologies. This method is ontologybased and enables patent mining using semantic web technologies. We tested our approach on biomedical patents (~ 1000 documents) from different patent offices (USPTO, EPO, JPO, WIPO). PatAnnot takes about 35 seconds to generate a patent annotation; the half of this time is consumed by the generation of the domain annotation which is related to the MeatAnnot performance. The generated annotations described correctly patent metadata and content. This work can be considered as a first step of a whole approach of a semantic web-based patent retrieval/mining.
Related Work
As patent analysis is very important essentially for companies, several tools offering this service are offered.
PatentCafe [http://www.patentcafe.com] is a solution that helps professionals search, manage, mine, exploit, analyze and develop patents and portfolios; it contains more than 21 million patent documents from WIPO, USPTO, and the major national patent offices.
Matheo [http://www.imcsline.com] Patent is designed to exploit the royalty-free EspaceNet database of the European Patent Office (EPO) as well as USPTO.
Our approach relying on semantic web technologies and standards is different from methods described below which rely classic information retrieval models such as the vector model or the Boolean model.
BioPatentMiner [9] facilitates information retrieval from biomedical patents. It relies on the identification of biological terms and relations in patents.
Another characteristic of our method is the possibility to generate semantic annotations using any domain ontology and any patent document, since our generator is domain-independent.
A new project called PATEXPERT [8] is focusing on patent analysis based on a semantic web approach.
Moreover an approach for mapping between ontologies and XML documents differs from other approaches [1, 6] since it is generic (the use of a mapping scheme) and it relies on a Semantic Web Standard .
Further Work
As a further work, the generation of semantic annotations from patent documents prototype will be improved by offering to the Sealife browser a web service of patent and literature mining. This work on patent mining illustrates an interesting application of semantic web, very useful for knowledge management in companies or in communities collaborating through the web. We can add an NLP-based module to extract further knowledge from the patent claims. The approach can be applied to other domains than biomedical domain. Moreover, the principles of our approach could be generalized to other kinds of structured documents (e.g. patient records, incident records, etc.).
